An indirect immunoperoxidase procedure using a specific anti-Ehrlichia risticii monoclonal antibody and an avidin-biotin-peroxidase staining method was used to detect E. risticii antigen in infected P388D1 murine monocytes. Several different methods of cytological fixation were used, including acetone (15 min), 95% ethanol (15 min), Bouin's fixative (5 hr), and 10% buffered neutral formalin (24 hr). The E. risticii organisms were labeled effectively and identified in cells fixed with acetone and ethanol. However, infected P388D1 cells fixed in 10% formalin or Bouin's fixative required enzymatic digestion with 1.0% trypsin for 15 min at 37 C before positive results were evident. This indirect immunoperoxidase avidin-biotin staining procedure proved to be a sensitive assay for the detection of intracellular E. risticii and may be an effective diagnostic procedure for formalin-fixed paraffin-embedded tissue.
Potomac horse fever (PHF), also known as equine monocytic ehrlichiosis or equine ehrlichial colitis, has emerged as an important equine disease since the first reported case. 8 The causative agent, Ehrlichia risticii, is a rickettsial organism and obligate intracellular parasite. 6, 13 Although mice can be experimentally infected with E. risticii, 7 horses are the only apparent animals that develop clinical disease with natural exposure.
The clinical presentation of PHF varies, but most affected horses have anorexia, depression, and fever followed in many cases by diarrhea and severe dehydration. 17 Laminitis is also a common sequela to the disease, possibly related to endotoxemia. Although E. risticii is a systemic infection, lesions are usually confined to the alimentary system, varying from colonic and cecal mucosal hyperemia to extensive u1ceration. 1 Very little is known concerning the pathogenesis of the disease or organ distribution of E. risticii infection.
The mode of natural transmission of PHF is not known; however, the disease can be experimentally transmitted with intravenous 6 or intradermal 11 inoculation. An arthropod transmission is suspected due to the seasonal occurrence of the disease, but attempts to transmit the disease with Dermacenter variablis have been unsuccessful. 15 The diagnosis of PHF field cases has relied on the detection of serum antibodies to E. risticii, using either an indirect immunofluorescence assay (IFA) 14 or an enzyme-linked immunosorbent assay (ELISA) test. 3, 12 Although an antibody titer is usually present in the animal at the time of clinical presentation, it is difficult to differentiate an active infection titer from a postvaccination or previous exposure titer. 14 Ehrlichia risticii can be isolated from the blood of actively infected horses, but this procedure is expensive and time-consuming. Detection of the organism in tissue or body fluids would be an optimal diagnostic approach. A silver strain can detect E. risticii in infected equine colonic mucosa; l6 however, this stain is not specific for E. risticii, and other argyrophilic organisms may be confused with E. risticii.
Immunoperoxidase methods have been used successfully to detect cellular antigens and infectious agents in various animal tissues. 4, 5, 10 The immunoperoxidase staining procedure offers sensitive specific staining of tissue antigens and retention of tissue architecture, depending on the choice of fixative and postfixation treatment.
The purpose of this report is to describe detection of E. risticii using an avidin-biotin-immunoperoxidase staining method. A monoclonal antibody directed against E. risticii was used to provide a high degree of specificity. Comparison of different tissue fixation methods and the utilization of trypsin digestion of formalin-fixed cells are discussed.
Materials and methods
Preparation and fixation of E. risticii antigen slides. Slides of E. risticii-infected mouse macrophages were prepared as previously described. l4 Briefly, the HRC-IL strain of E. risticiia was propagated in P388Dl mouse monocyte-macrophage cells grown in complete medium (RPMI-1640 b with 10% fetal bovine serum). Approximately 20 µ1 of infected cell suspension, containing a minimum of 100 infected cells, was placed on clean glass slides and air dried. The antigen slides were fixed by 1 of several different protocols, including (1) acetone for 15 min, (2) 95% ethanol for 15 min, (3) 10% buffered neutral formalin for 24 hr, and (4) Bouin's fixative for 5 hr. Following fixation, some of the slides fixed in formalin or Bouin's solution were immersed in 1.0% trypsin c in phosphate-buffered saline (PBS) for 15 min at 37 C.
Immunuperoxidase procedure. Following fixation and trypsinization procedures all slides were processed similarly using a commercially available avidin-biotin-immunoperoxidase staining system. d All incubations were at 22 C unless otherwise stated. Slides were initially rinsed in distilled water and subsequently washed in Tris saline buffer b between each of the following reagent steps: (1) 3% H 2 O 2 solution for 5 min as a blocking agent to remove endogenous peroxidase, (2) a protein blocking agent for 5 min to block nonspecific antibody staining, (3) mouse hybridoma anti-E. risticii monoclonal antibody at 1:20 dilution for 24 hr at 4 C, (4) a polyvalent rabbit anti-murine antibody conjugated to biotin for 30 min, (5) horseradish peroxidase-labeled avidin for 30 min, (6) diaminobenzidine substrate for 2 min, and (7) hematoxylin stain for 2 min. The slides were then washed with tap water, mounted,' and viewed with a BH light microscope for the presence of characteristic intracytoplasmic brown granules. Negative controls consisted of antigen slides from each fixative group incubated with PBS instead of anti-E. risticii antibody and slides of uninfected P388Dl cells.
The sensitivity of the immunoperoxidase staining system was compared to the previously described IFA staining procedure. 14 The anti-E. risticii monoclonal antibody was diluted 1:50, l:l00, 1:200, 1:400, 1:500, l:l,000, and 1:5,000 and used in both the immunoperoxidase and IFA assay systems. The primary antibody dilution endpoints were determined, indicated by either positive fluorescence or brown diaminobenzidine tetrahydrochloride (DAB) granules.
Results
The E. risticii organisms in infected P388Dl cells were demonstrated as prominent intracytoplasmic brown granules (Fig. l) , as opposed to lack of granules in uninfected P388D1 cells (Fig. 2) . The fixative used greatly affected the ability of the immunoperoxidase system to detect E. risticii organisms ( Table 1) . Acetone and 95% ethanol fixation enabled demonstration of organisms without trypsinization; however, other fixation methods prevented detection of organisms. Trypsinization of formalin-or Bouin's-fixed cells was necessary before E. risticii was labeled. The degree of organism staining was never as strong in formalin-fixed slides as in the other fixatives, even after trypsinization. The PBS and uninfected cell controls were consistently negative, with lack of intracytoplasmic brown granules or background staining.
The immunoperoxidase system of E. risticii antigen detection was more sensitive than the IFA method. The anti-E. risticii monoclonal antibody, at a dilution of 1:1,000, produced positive results using the immunoperoxidase method. The IFA procedure was unable to identify E. risticii antigen with antibody dilutions higher than 1:100.
Discussion
The biotin-avidin-immunoperoxidase system can consistently detect E. risticii organisms in infected mouse macrophages with accuracy and sensitivity by utilizing an anti-E. risticii monoclonal primary antibody. The choice of tissue fixation, however, can dramatically alter the binding affinity of the primary antibody to E. risticii. Fixation with 95% ethanol or acetone will not significantly alter antigenic sites. However, fixation with 10% formalin or Bouin's solution sufficiently masks antigen sites, preventing binding to the anti-E. risticii antibody. The molecular alterations that occur following formalin fixation cause cross linkage of sulfhydryl groups between antigen proteins, making them inaccessible to antibody binding. 9 As has been described in several reports, enzymatic digestion of formalin-fixed tissue with trypsin may successfully re-expose antigenic sites to enable binding with antibodies. 2, 9 Trypsinization was effective in our system to provide for detection of E. risticii in formalin-or Bouin's-fixed cells.
The incubation time and strength of the trypsin solution are critical for adequate antigen treatment. Various time intervals (usually 5-60 min) and trypsin strengths should be tested before an optimum method is designated for each tissue and antigen system. In our system, treatment with trypsin for less than 15 min or of less than 1% solution strength produced inadequate sensitivity in formalin-treated tissue. Although not observed by us, excessive trypsinization can digest tissue, destroying tissue morphology and antigenic binding sites.
The ability to detect E. risticii organisms accurately in tissue sections should facilitate PHF diagnostic methods and investigative research. Retrospective studies of postmortem tissue of previous cases of equine diarrhea can now be done to determine the possible role of E. risticii as a causative agent. The pathogenesis of PHF may also be investigated using immunoperox-idase methods to trace E. risticii in various organs as it infects the body, and possibly detect carrier sites if they exist.
